INTRODUCTION
============

Uremic pruritus is a common and bothersome symptom in patients with end-stage renal disease (ESRD).^[@R1],[@R2]^ Uremic pruritus considerably influences the quality of life, causing sleep disturbance, mood change, and uncontrollable scratching.^[@R3],[@R4]^ Moreover, severe uremic pruritus is associated with an increased risk of mortality in dialysis patients.^[@R5],[@R6]^ Many factors have been implicated in the pathophysiology of uremic pruritus, such as xerosis, divalent ions, calcium-phosphate product, interleukin (IL)-31, and hyperparathyroidism.^[@R7]--[@R10]^ Besides, we and others found that the adequacy of dialysis and the clearance of pruritogenic substances could influence the severity of pruritus.^[@R11]--[@R13]^

Peritoneal dialysis (PD) and hemodialysis (HD) are the 2 major renal replacement therapies for patients with ESRD. Many studies have reported a substantial prevalence of uremic pruritus among dialysis patients, ranging from 10% to 70% in PD patients, and 20% to 90% in HD patients.^[@R2],[@R14]--[@R16]^ Patients with PD and HD differ in terms of demographics, clinical and biochemical conditions, all of which may influence the severity of uremic pruritus. However, few studies have directly compared the characteristics of uremic pruritus between patients with PD and HD, and their results are controversial.^[@R15]--[@R20]^ Some studies reported similar prevalence of uremic pruritus among patients receiving PD and HD,^[@R16]--[@R20]^ whereas other study found differences in favor of PD.^[@R15]^ Furthermore, the current standard for dialysis adequacy of solute clearance has not been considered in these studies.

To address this issue, we performed this study to evaluate differences in the prevalence, intensity, and body surface area involvement of uremic pruritus among PD and HD patients.

METHODS
=======

Study Participants
------------------

The study population included patients with ESRD who were undergoing maintenance dialysis at Far Eastern Memorial Hospital, a tertiary medical center in Taiwan. The eligible participants were those aged 20 years or older. Patients were excluded if they had any of the following conditions: active infection; psychotic illness or other communication problems; primary skin disorders; cholestatic liver disease or acute hepatitis; active malignancy; change in dialysis modality within the last 3 months before the study; and patient refusal. In total, 98 patients were receiving maintenance PD and 420 patients were receiving maintenance HD at Far Eastern Memorial Hospital in April 2013. After excluding 138 patients, a total of 84 (86%) PD patients and 296 HD patients (70%) were included in this study.

Ethics
------

The Institutional Review Board of Far Eastern Memorial Hospital, New Taipei City, Taiwan, approved this study, and all participants provided written informed consent.

Pruritus Assessment
-------------------

The patients were considered to have uremic pruritus if they had the following: at least 3 episodes of pruritus during a period of ≤2 weeks, with the symptoms occurring a few times a day, lasting at least a few minutes, and troubling the patient; or the regular occurrence of pruritus during a period of 6 months, but less frequently than listed above.^[@R16],[@R21]^ A visual analogue scale (VAS) score measuring the general severity of pruritus was reported from 0 to 10 (0 = no itching, 10 = worst imaginable itching).^[@R22]^ The body distribution of pruritus was also assessed and categorized as a percentage of the affected body surface area as: \<25%; ≥25% but \<50%; ≥50% but \<75%; or ≥75%.^[@R1]^

Patient Characteristics and Laboratory Parameters
-------------------------------------------------

Baseline data including sex, age, body mass index, comorbid diseases, etiology of ESRD, PD, and HD regimens, as well as the duration of dialysis therapy, were recorded for each participant. Venous blood was sampled after an overnight fast exceeding 8 hours. All laboratory tests were performed by the hospital\'s central laboratory, with an auto-analyzer used to determine biochemical data. Patients with a positive hepatitis B virus surface antigen test result were considered to be hepatitis B carriers, and those with a positive hepatitis C virus antibody test result were considered to have an infection caused by hepatitis C virus.

Dialysis Adequacy of Solute Clearance
-------------------------------------

The dialysis adequacy of solute clearance was assessed by the Kt/V parameter (amount of dialysis delivered: K = clearance of urea, t = time on dialysis, V = estimated total body water) based on urea kinetic modeling. The PD regimen for each patient was evaluated and prescribed during monthly follow-up. The adequacy of PD was assessed by weekly total Kt/V (the sum of peritoneal Kt/V and renal Kt/V) and should be at least 1.7 or above.^[@R23]^ The HD patients received 3.5 to 5 hours of HD therapy 3 times a week using bicarbonate dialysate and reverse osmosis purified water. In 91.6% of the HD participants, a high-flux polysulfone membrane was used as the dialyzer, whereas the remaining 8.4% used a low-flux synthetic membrane dialyzer. The adequacy of HD was assessed by single-pool Kt/V with a target dose of 1.4 or higher.^[@R24]^ For comparability between PD and HD patients, we considered the achievement of the target Kt/V as a covariate during the process of variable selection and model fitting.

Statistical Analysis
--------------------

Statistical analysis was performed using R 2.14.1 software (R Foundation for Statistical Computing, Vienna, Austria). A 2-sided *P* value ≤0.05 was considered to be statistically significant. Data are expressed as mean ± standard deviation for normally distributed continuous variables, as median (1st quartile, 3rd quartile) for non-normally distributed continuous variables, and as number (percentage) for categorical variables. For descriptive analysis, univariate analyses were conducted using the independent 2-sample *t* test, Wilcoxon rank-sum test, and Pearson *χ*^2^ test, respectively.

Multivariate linear regression analysis was conducted to identify the predictive factors for the VAS score of uremic pruritus. To ensure the quality of the results, basic model-fitting techniques for variable selection, goodness-of-fit assessment, and regression diagnostics were used in our regression analyses. Generalized additive models were applied to detect nonlinear effects of continuous variables during the stepwise variable selection procedure of the regression analysis.^[@R25]^ Statistical tools for regression diagnostics including residual analysis, detection of influential cases, and to check for multicollinearity were used to reveal problems with the model or data.

RESULTS
=======

Patient Characteristics
-----------------------

A total of 380 participants, including 84 PD patients and 296 HD patients completed this study. The basic characteristics of the participants are summarized in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. The study participants had a mean age of 60.3 years, with 49.2% being female and 46.1% having diabetes. The prevalence of uremic pruritus in the whole study population was 36.1%. Comparisons of the clinical and laboratory data between the PD and HD patients are listed in Table [2](#T2){ref-type="table"}. More PD patients achieved the target dose for dialysis adequacy of solute clearance than the HD patients (88.1% vs 71.3%, *P* = .002). Compared with the HD patients, the PD patients had a significantly younger age, shorter duration of dialysis therapy, lower prevalence of diabetes, higher female percentage, and higher body mass index. In addition, the PD patients had significantly lower serum levels of hematocrit, uric acid, albumin, total bilirubin, ferritin, and high-sensitivity C-reactive protein (CRP), as well as significantly higher serum levels of creatinine, calcium, and total cholesterol.

###### 

Demographic and Clinical Characteristics of the Study Participants
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Demographic and Clinical Characteristics of the Patients Receiving Peritoneal Dialysis and Hemodialysis
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Association Between Dialysis Modality and Uremic pruritus
---------------------------------------------------------

The distributions of the severity of uremic pruritus in the PD and HD patients are shown in Figure [1](#F1){ref-type="fig"} and Table [3](#T3){ref-type="table"}. The prevalence of uremic pruritus was 28.6% in the PD patients and 38.2% in the HD patients (*P* = .12). The VAS score was significantly lower in the PD patients than in the HD patients (mean ± standard deviation \[1.32 ± 2.46 vs 2.26 ± 3.30\], *P* = .04). There might be a trend toward a less affected body surface area of uremic pruritus in the PD patients than in the HD patients; however, the difference did not reach statistical significance (*P* = .13) (Table [3](#T3){ref-type="table"}).

![Frequency distribution of visual analogue scale score of pruritus intensity in the study population. Frequency distribution in the study participants receiving (A) peritoneal dialysis and (B) hemodialysis.](medi-95-e2935-g003){#F1}
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The Percentage of Body Surface Area Affected by Uremic Pruritus
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Table [4](#T4){ref-type="table"} shows the independent predictors for the VAS score of uremic pruritus, after adjusting important covariates in the multivariate linear regression analysis, with the assistance of generalized additive models. Compared with HD, the result showed that PD was independently associated with a nearly one unit lower VAS score (β-value--0.88, 95% confidence interval --1.62 to --0.13, *P* = .02). The use of active vitamin D was also an independent predictor for a lower intensity of uremic pruritus, whereas hyperphosphatemia and higher serum levels of triglyceride and aspartate transaminase were significantly associated with higher pruritus intensity. In addition, older age showed a borderline significance for higher pruritus intensity.

###### 

Multivariate Linear Regression Analysis of the Predictors for Visual Analog Scale Scores of Pruritus Intensity
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DISCUSSION
==========

To the best of our knowledge, this is the first study comparing the characteristics of uremic pruritus between PD and HD patients taking the current standards of dialysis therapy and related parameters into consideration. We found that PD patients had a significantly lower intensity of uremic pruritus than HD patients. In addition, there may have been a trend toward a lower prevalence and less affected body surface area of uremic pruritus in the PD patients.

One of the possible explanations for the lower severity of uremic pruritus among the PD patients is the better preservation of residual renal function through PD therapy.^[@R26]--[@R28]^ The residual renal function has been reported to be better preserved in PD patients, with a 65% lower risk of losing residual renal function compared PD with HD among incident dialysis patients.^[@R26],[@R27]^ The previous studies by us and other groups have indicated an inverse relationship between the severity of uremic pruritus and the clearance of small and middle sized molecules in HD patients, and a variety of uremic toxins have been proposed to be pruritogenic substances.^[@R5],[@R11]^ Abnormalities of calcium, phosphorus, parathyroid hormone, and vitamin D metabolism have all been reported to be associated with the severity of uremic pruritus.^[@R5],[@R10]^ A greater residual renal function is associated with better clearance of middle-sized uremic toxins, better preservation of erythropoietin productivity, and better homeostasis of calcium, phosphorus, and vitamin D, all of which may reduce the severity of uremic pruritus.^[@R29]--[@R31]^

Another proposed mechanism for the milder uremic pruritus in PD patients is less inflammation compared with HD patients. Our previous studies have shown that inflammation plays an important role in uremic pruritus,^[@R6],[@R32]^ and various inflammatory factors including IL-31, IL-2, IL-6, and histamine have been reported to be associated with uremic pruritus.^[@R10],[@R19],[@R33],[@R34]^ In patients treated with PD, the induction of inflammation, such as the production of IL-6 and CRP, has been found to be lower than in patients undergoing HD.^[@R35],[@R36]^ In this study, high-sensitivity CRP, which is a good surrogate of inflammation in dialysis patients,^[@R6],[@R37]^ was significantly lower in PD patients than in HD patients. However, the multivariate linear regression analysis did not demonstrate a significant role of high-sensitivity CRP. The dysregulation of the immune system in PD and HD patients continues to be an interesting topic and deserves further investigation.

We also found that age, use of active vitamin D, serum level of phosphate, aspartate transaminase, and triglyceride are associated with the severity of uremic pruritus. Aging results in the alternation of skin structure and decline of skin function that could contribute to higher pruritus intensity.^[@R38]^ The importance of hemostasis among vitamin D metabolism, calcium, phosphorus, and parathyroid hormone in uremic pruritus has also been reported.^[@R5],[@R10],[@R39]^ Fatty liver, chronic active or persistent hepatitis, alcohol consumption, obesity, hypercholesterolemia, and hyperglycemia have all been reported to cause hepatic dysfunction and increased serum transaminase concentration.^[@R40],[@R41]^ We postulated that this hepatic dysfunction may lead to the association between elevated serum aspartate transaminase and uremic pruritus. As triglyceride is a risk factor for neuropathy, which is a trigger factor for uremic pruritus, the association between hypertriglyceridemia and uremic pruritus might be resulted from uremic neuropathy.^[@R42],[@R43]^

As diabetes has been shown to be associated with pruritus, we have considered diabetes in the process of multivariate linear regression analysis.^[@R44]^ During the process of variable selection and model fitting, no significant role was found for diabetes in the comparison of uremic pruritus between PD and HD patients. Several studies have reported that dialysis adequacy is an independent predictor of pruritus intensity in uremic patients.^[@R11]--[@R13]^ However, the achievement of the target Kt/V did not show statistically significance during variable selection of multivariate linear regression analyses. A possible reason is that most of the study participants have achieved the target dose of Kt/V. Moreover, as PD and HD patients used different standards and calculation process, Kt/V could not be analyzed as a continuous variable, which results in loss of statistical power for dialysis adequacy in the linear regression.

In this study, fewer patients received PD (22.1%) than HD (77.9%). This trend is consistent with other dialysis facilities in Taiwan and in many other countries.^[@R45],[@R46]^ The selection of an appropriate dialysis modality is influenced by medical and social factors, patient preference, clinical needs, and resource availability, as well as a possible influence of bias from health care professionals.^[@R47],[@R48]^ As shown in Table [2](#T2){ref-type="table"}, these factors resulted in different individual characteristics between the PD and HD patients. Considering potential selection bias in this study, we analyzed our data using multivariate linear regression to balance the important covariates among the 2 dialysis groups.

There are several limitations to this study. First, we did not collect data regarding uremic pruritus before the participants started dialysis therapy. As this is a cross-sectional study, we could not establish causality and temporality between dialysis modality and uremic pruritus. Second, this study is observational in nature. Although we have controlled for most of the important variables, the influence of residual confounding could still remain. Third, information regarding residual renal function was not routinely collected in the HD patients because most HD patients lose their residual renal function within 1 year after commencing HD,^[@R27]^ and assessments of HD solute clearance do not require residual renal function.^[@R24]^ We therefore could not further explore the influence of residual renal function on uremic pruritus. Instead, we assessed whether the participants achieved the target Kt/V suggested by current guidelines as a representative variable when fitting the model. Finally, as the participants were enrolled from a single medical center in Taiwan, the generalizability of the study results may be limited. Nevertheless, the characteristics of the study participants were typical for PD and HD patients in Taiwan, and should reflect the actual condition of dialysis patients. The generalizability of our findings to dialysis patients in other countries or ethnicities may need to be clarified with additional studies.

In conclusion, our results show that the severity of uremic pruritus is lower in PD patients than in HD patients, with a trend of a lower prevalence and less affected body surface area of uremic pruritus in patients receiving PD. Therefore, PD may provide better alleviation of pruritus symptoms. The results of this study provide a valuable reference for clinicians and patients when choosing a dialysis modality.
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